Every sensory event elicits activity in a broad population of cells that is distributed within and across cortical areas. How these neurons function together to represent the sensory environment is a major question in systems neuroscience. A number of proposals have been made, and recent advances in multineuronal recording have begun to allow researchers to test the predictions of these population-coding theories. In this review, I provide an introduction to some of the key concepts in population coding and describe several studies in the recent literature. The focus of this review is on sensory representation in the visual cortex and related perceptual decisions. The frameworks used to study population coding include population vectors, linear decoders, and Bayesian inference. Simple examples are provided to illustrate these concepts. Testing theories of population coding is an emerging subject in systems neuroscience, but advances in multi-neuronal recording and analysis suggest that an understanding is within reach.
Introduction
One of the major goals of systems neuroscience is to understand how the nervous system creates complex behavior, such as perception and cognition. A key structure of the brain is the cerebral cortex, where neural circuits convert sensory signals into motor commands. Much of systems neuroscience endeavors to understand the computations that take place in these circuits. One powerful approach is to measure the signals in a given circuit, namely, the spike trains of neurons, and to study their relationship to a sensory stimulus or motor output.
The traditional method of directly measuring spike trains is to insert microelectrodes into the cortical tissue. This method, however, poses a number of challenges. Arguably the most profound is the small number of spike trains that can be measured simultaneously. In traditional experiments, no more than a few neurons are sampled at a time (Alonso et al., 1996; DeAngelis et al., 1999; Gawne et al., 1996; Gochin et al., 1994) . This severely limits the range of questions that can be addressed via experiment. Even simple relationships, such as the correlation of a neuron with its neighbors, are difficult to characterize without simplistic assumptions (Zohary et al., 1994) . Thus, traditional methods have hindered the progressive chain of building theories and testing predictions of how networks of neurons give rise to the computations underlying complex behavior.
Techniques for multi-neuronal recording have advanced over the past decade. Whereas multi-neuronal recording previously involved measuring the spike trains of pairs of neurons (Alonso et al., 1996; DeAngelis et al., 1999; Gawne et al., 1996) , it now involves simultaneously recording from populations of neurons on the order of approximately 70 cells (Churchland et al., 2010; Cohen and Maunsell, 2009; Ecker et al., 2010; Smith and Kohn, 2008) . This technological advancement has expanded analyses beyond pairwise relationships of firing patterns, e.g., synchrony or correlation, to information coded in the population activity (Berens et al., 2012;  
